Purpose To correlate the frequency and extent of simultaneous inadvertent internal limiting membrane (ILM) peeling during idiopathic epiretinal membrane (ERM) removal with characteristics of ERM adherence demonstrated on pre-operative spectral domain optical coherence tomography (SD-OCT). Patients and methods This is a prospective, observational, case series of patients undergoing pars plana vitrectomy for idiopathic ERM. Inner retina-ERM adhesion was categorized as focal, broad or complete in five anatomic locations at macular area based on preoperative SD-OCT findings. The extent of spontaneous ILM peeling was quantified on a scale 0-100% in each of the aforementioned anatomic locations by the operating surgeons who were masked to the OCT characteristics. All operations were recorded with a high definition recording system and the area of simultaneous ILM peel was quantified by a second masked observer. The final extent of spontaneous ILM peel was calculated as the average of the two scores. Results Thirty consecutive subjects who underwent surgery for idiopathic ERM were included in the study. Evidence of simultaneous ILM peeling was identified in 80.3% of individuals. With regards to the type of ERM-macula adhesion, inadvertent ILM peel was observed in 70% of the patients who pre-operatively showed complete adhesion, in 43% with broad adhesion and in only 21% with focal adhesion (Po0.001). The extent of the spontaneous ILM peel during removal of ERM was also significantly dependent on the type of ERM-inner retina adhesion. Total simultaneous ILM peel was observed in 59% of locations with complete ERM-macula adhesion but only in 22% and 7% of locations with broad and focal adhesion respectively (Po0.001). Conclusions Simultaneous ILM peel is a frequent occurrence during ERM surgery, especially when there is complete or broad ERM adherence to the macula. The type of ERM-inner retina adhesion represents a valid predictor of the extent of simultaneous ILM peel during removal of ERM. Thorough evaluation of preoperative OCT may be a useful tool in determining a safer, more simplistic strategy in ERM surgery.
Introduction
Epiretinal membrane (ERM) consists of a semitranslucent, avascular, fibrocellular membrane that proliferates on the inner surface of the retina and produces various degrees of visual impairment. Machemer et al were the first to describe pars plana vitrectomy (PPV) with ERM peeling for visually significant ERMs. 1 Satisfactory functional and structural outcomes have been consistently reported for PPV and ERM removal thereafter. [2] [3] [4] The internal limiting membrane (ILM) can act as a scaffold for cellular proliferation in the pathophysiology of disorders affecting the vitreomacular interface. 5 Peeling of the ILM has been proposed as a method to ensure complete removal of ERM, improve the prognosis of surgical treatment and reduce the risk of ERM recurrence. 6 However, current literature has failed to provide strong evidence for the beneficial role of ILM removal during ERM surgery, with most studies being retrospective and divergent regarding their outcomes. [7] [8] [9] [10] [11] [12] [13] [14] [15] Moreover, there are concerns about the safety of ILM peeling and the risk of potential mechanical or toxic trauma to the inner and outer retina during the procedure. 12, 15 Interestingly, several studies have shown that ILM peel may occur unintentionally during removal of ERM. Histological analysis of ERM specimens has provided evidence that segments of ILM are commonly present in the ERMs that have been removed, 7 whereas other clinical studies using vital dyes following ERM peeling reported that ILM is frequently still intact on the inner retinal surface. 16 Although the inadvertent ILM peel during ERM surgery has been well documented, there is no published data so far, to associate this occurrence with preoperative patients' characteristics. Correlating baseline optical coherence tomography (OCT) features to the frequency of intraoperative spontaneous ILM peel would provide a useful predictive tool facilitating effective surgical planning.
The introduction of modern spectral domain OCT (SD-OCT) instruments has allowed the identification of anatomical changes that occur in the macular architecture before and after ERM surgery. 12, [17] [18] [19] [20] [21] [22] Further, it has facilitated detailed visualization of the membranes and their relationship to the retinal surface. The type of ERMmacula adhesion has been shown to play a role in different aspects of ERM surgery including surgical difficulty. 23 It is therefore possible that the extent of simultaneous unintentional ILM peeling during removal of ERM may also relate to OCT characteristics.
In this study, we evaluated the frequency and extent of simultaneous ILM peeling during removal of idiopathic ERM and correlated it with different types of ERM-retina adhesion based on preoperative SD-OCT images.
Materials and methods
Thirty-eight consecutive patients undergoing PPV for idiopathic ERM removal at the Ophthalmica Eye Institute, Thessaloniki, Greece, were screened for participation in the prospective study. All eligible patients presented with idiopathic ERM, clinically significant metamorphopsia confirmed on Amsler grid chart and visual acuity of the affected eye o6/9. Individuals with a history of previous vitreoretinal surgery, secondary ERM (eg, due to diabetic maculopathy, retinal vascular disorders, retinal detachment, age-related macular degeneration, ocular trauma, or uveitis), recurrent ERM, or ERM associated with lamellar macular hole were excluded from the study.
Institutional review board/ethics committee approval was obtained before the study commenced.
OCT imaging and epiretinal membrane-macula adhesion classification
All subjects underwent a complete baseline clinical assessment within 1 month before surgery, including Snellen best corrected visual acuity measurement, dilated fundus examination, and OCT, using the Spectralis SD-OCT (Heidelberg Engineering, Vista, CA, USA). The ERM-macula adhesion classification was based on the methodology proposed by Kim et al. 23 Briefly, a raster of vertical and horizontal SD-OCT images of the ERM structure was obtained over the macula. With the aid of an ETDRS overlay, the posterior pole was divided into five anatomic locations including a foveal (central 1000 microns) and four macular quadrants (superior, inferior, nasal, and temporal) extending up to the large temporal vascular arcades. Calipers were then used to measure the length of ERM-retinal adherence and subsequently divided by the total length of ERM to obtain ERM-retinal adhesion percentage. The above was repeated for each Figure 1 Focal (o50%) ERM-retinal adherence is seen in both nasal and temporal to the fovea along the horizontal axis using SD-OCT. ERM-retinal adherence is broad (50-90%) at the center of the fovea on the same section. vertical and horizontal meridian and subsequently results were averaged to obtain the final percentage of ERMinner retina adherence in each anatomic location. All calculations were performed in a masked fashion by two observers.
The extent of ERM-retinal adhesion was then categorized as focal, broad, or complete. 23 Focal adhesion was defined as ERM-retinal adhesion o50%; broad adhesion between 50 and 90%; and complete adhesion 490% (Figures 1 and 2) . In cases where the classification did not agree between the observers for any of the anatomic locations, the type of the ERM adherence to the retina was determined by a third masked observer.
Surgical procedure and simultaneous ILM peel quantification
Following informed consent for the study, patients were listed for PPV and ERM peel. All subjects underwent a three-port 23 or 25 gauge PPV by three experienced retinal surgeons (PT, AV, and SA). Intravitreal triamcinolone to verify that the posterior hyaloid had been removed was used only when required. Trypan blue (membrane blue 0.15%, DORC, Zuidland, The Netherlands) was injected into the vitreous to stain the ERM and washed out immediately. The ERM was then peeled and Brilliant blue G (Brilliant Peel, Fluoron, Geuder, Germany) was used to stain the ILM. The presence of residual ILM at the area of the pre-existing ERM was recorded in five different anatomic locations including the central 1000 microns and the four macular quadrants described above and quantified by the surgeon on a scale 0-100% for each anatomic location (100% meaning total simultaneous ILM peel during ERM removal). Subsequently, ILM peel was initiated peripheral to the location of the pre-existing ERM and directed toward the fovea, confirming the absence or presence of ILM. In order to increase study reliability and avoid bias, all operations were recorded with a Zeiss (Carl Zeiss Meditec AG, Jena, Germany) high-definition three-chip recording system and the area of simultaneous ILM peel was quantified by a second masked observer who was also an experienced vitreoretinal surgeon. The final extent of simultaneous ILM peel was the average of the intraoperative and postoperative measurements documented by the operating surgeon and the video observer, respectively.
Primary outcome measure was the extent of simultaneous ILM peeling in patients undergoing PPV for idiopathic ERM and its frequency in relation to different types of ERM-retina adhesion based on preoperative SD-OCT images. Secondary outcome measure was the effect of patients' characteristics or other intraoperative parameters on the occurrence of simultaneous, inadvertent ILM peeling in ERM surgery.
Statistical analysis was performed with SPSS software for Windows (version 16.0 SPSS, Inc, Chicago, IL, USA). The distribution of all variables was examined using frequency tables and descriptive statistics. Box-andwhisker plots and histograms were used to display the different data distributions. Parametric methods, including independent Student's t-test, ANOVA, and linear regression, were used for normally distributed variables. Non-parametric tests such as Mann-Whitney U and Wilcoxon signed rank tests were used for variables that did not show normality. The relationship of the Figure 2 Complete (90%) ERM adherence to the inner retina along the posterior pole (both nasal and temporal to the fovea as well as at the center of the fovea).
simultaneous ILM peel with patients' demographics or intraoperative variables was examined using the Spearman and Pearson rank correlation test. The relationship between categorical variables was also evaluated using the χ 2 -test. All tests of association were considered to be statistically significant if Po0.05.
The study was conducted according to the tenets of the Declaration of Helsinki.
Results
Thirty eyes of 30 consecutive patients who matched the inclusion criteria were included in the study and eight eyes were excluded. One patient was ultimately excluded from the statistical analysis as both surgeon and observer of the operating video failed to provide a definite grading of unintentional ILM peeling. The male to female ratio in the 29 patients was 14 : 15 and their mean age was 70 ± 7 years. ERM-retinal adherence pattern resulted in complete concordance (κ = 1) in each quadrant between the horizontal and vertical raster scans for each observer. Of the 29 subjects (145 anatomic locations) that were included in the data analysis, assessment of the ERMretinal adherence measurements for interobserver agreement, resulted in 95.8% (139/145) concordance between masked observers.
Evidence of simultaneous ILM peel during removal of ERM was observed in 23 eyes (80.3%), whereas in six eyes (19.7%) ILM remained intact following ERM peeling. In nine eyes (31%) there was total-100%-simultaneous ILM peel, and in 14 eyes (48.3%) simultaneous ILM peel was only partial (Table 1) .
With regards to the type of ERM-macula adhesion, simultaneous ILM peel was observed in 70% of the locations that pre-operatively showed complete adhesion, in 43% of the locations with broad adhesion and in only 21% of the locations with focal adhesion. This difference was statistically significant between the three groups (Po0.001) (Figure 3) .
The extent of the spontaneous ILM peel during removal of ERM was also significantly dependent (Po0.001) on the type of ERM-inner retina adhesion. Total simultaneous ILM peel was observed in 59% of anatomic locations with complete ERM-macula adhesion but only in 22% and 7% of locations with broad and focal adhesion, respectively. Conversely, ILM remained intact following removal of ERM in 59%, 45%, and 16% of the Membrane inner retina adherence predicting simultaneous ILM peel P Tranos et al
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Eye focal, broad, and complete ERM-macula adhesion, respectively ( Figure 4 ). Further analysis revealed that spontaneous ILM peel during ERM surgery was independent of patients' demographics, baseline visual acuity, size of ERM, or intraoperative parameters including size of sclerotomies and duration of surgery (P40.05, Mann-Whitney U test).
Discussion
With the advent of high-resolution SD-OCT instruments, a wealth of information on vitreoretinal interface has become available. 19, [21] [22] [23] Better definition of the geometry of ERM adhesion to the inner retina has revealed different types of adherence including focal, broad, or complete. 23 These adhesion patterns have been shown to correlate with varying degrees of surgical difficulty during ERM removal. 23 Moreover, en face OCT reveals elevated areas of ERM, facilitating initial grasping of the membrane and potentially predicting visual outcomes after surgery. 24 Therefore, meticulous analysis of preoperative OCT is becoming increasingly important for effective surgical planning to improve visual and anatomical outcomes of ERM surgery.
Partial or total inadvertent ILM peel during ERM removal has been reported in 40-70% of cases. 7, 9, [25] [26] [27] Oh et al 9 in a series of 20 eyes observed that simultaneous ILM peel occurred in 60% of the operated eyes, whereas in other studies the corresponding incidence was~40%. Interestingly, the Pan-American Collaborative Study Group documented that in all 74 eyes that underwent ERM peeling, the ILM was always present on the macular surface either damaged or undamaged. 16 Other research groups have used light 26 or electron microscopy 7 to analyze the ERM specimens. Bovey et al 7 confirmed the presence of long segments of ILM in 74% of the peeled ERMs, but did not quantify the simultaneously removed ILMs during ERM surgery.
Our clinical study specifically addressed the issue of spontaneous ILM peel during ERM surgery and prospectively evaluated its incidence in relation to preoperative OCT characteristics. The results presented herein showed clearly that unintentional ILM peel during ERM removal occurs in the vast majority of cases and approximately in one-third of those eyes simultaneous peel involves the entire ILM underlying the ERM.
The incidence of 80% partial or total inadvertent ILM peel found in our series is higher compared with previous reports. This is probably attributable to the strict study protocol ensuring accurate evaluation of spontaneous ILM peel, as well as to exclusion of secondary ERMs, which are known to be more focally adherent to the retinal surface. Bovey et al 7 implied in their study that simultaneous removal of the ILM during ERM peeling was more common in secondary ERMs. The high rate of spontaneous ILM peeling found in our series of idiopathic ERMs seems to support their observations. Interestingly, the extent of simultaneous ILM peel is significantly dependent on the type of ERM adhesion to the inner retina. In areas where ERM was greater than 90% adherent to the retina, total simultaneous ILM removal was over eight times more likely to occur, as opposed to areas where ERM was only focally attached, with o10% adhesion to the retina.
Conversely, less extensive ERM adherence to the inner retina made it more likely to maintain the ILM intact with no fragmentation of the latter during ERM peel. Therefore, the extent of ERM-retina adhesion is a significant predictive factor for inadvertent ILM peel in ERM surgery and can facilitate effective surgical planning.
Although the role of ILM peeling following removal of ERM remains controversial, there is a rising number of vitreoretinal surgeons who favor this adjunct procedure. Recent surveys have revealed that the number of those routinely performing ILM peeling escalated from 25% in 2008 to 44% in 2010. 10 However, the potential benefit or possible deleterious effects of this additional surgical maneuver is still to be determined. Previous comparative studies evaluating the effect of ILM peeling on final visual outcomes, re-proliferation rate of the epimacular membrane and safety of the procedure, often provided contradictory results. [7] [8] [9] [10] [11] [12] [13] [14] [15] Removal of ILM is known to cause mechanical trauma to the retinal nerve fiber layer (RNFL) but the observed changes seem to be subclinical. [25] [26] [27] [28] [29] Early transient swelling of the arcuate RNFL 30 and dissociated optic nerve fiber layer [31] [32] [33] have been reported to occur after ILM peeling but they do not appear to influence the visual recovery or to cause reduced retinal sensitivity. [30] [31] [32] [33] [34] However, it has been postulated that ILM peeling may be related to selective superotemporal, temporal, and inferotemporal RNFL thickness reduction and retinal weakening caused by Müller cell damage, which can result in paracentral hole formation. 35 Although not entirely proven it seems that trauma to RNFL and Müller cell following ILM peeling is attributable to inadvertent surgical injury, absence of ILM, and potential toxicity of vital stains used during the procedure. 10, 13, 15, 24 Avoiding any of the above insults could possibly improve the safety profile of ERM surgery resulting in better outcomes. Consequently, the optimum surgical strategy would combine best functional and anatomical results with minimum intervention, averting unnecessary surgical maneuvers on the surface of the macula. A double stain technique aiming at the complete removal of the ILM following ERM peel, would potentially result in additional mechanical trauma from the peeling forceps and the exposure time to the endoillumination light. Recent reports have shown that postoperative visual acuity is significantly correlated to the number of grasping attempts 24 and if this could be avoided by predicting simultaneous ERM/ILM peel, surgical outcomes could be improved. In cases that ILM peel is considered necessary, recent technological advances including intraoperative OCT and vital dyes which stain both ERM and ILM may also enhance safety and efficacy of ERM surgery. 36 We appreciate certain limitations of our study including the lack of histopathological analysis of the specimens and restriction of the sample to only idiopathic ERMs. Despite the absence of laboratory verification of our results, detailed clinical documentation and quantification of the spontaneous ILM peel, facilitated by vital dyes guaranteed reliability. Moreover, results were re-evaluated by masked observers who carefully studied the operating video to confirm the surgeons' intraoperative clinical impression. By restricting our study to idiopathic membranes, the study did not provide any information on simultaneous ILM peel associated with secondary ERM surgery, however, this assured a homogenous sample minimizing bias. Previous reports supported that secondary ERMs are more focally adherent to the retinal surface, a characteristic which could be a confounding factor in our statistical analysis.
In summary, simultaneous ILM peel is a frequent occurrence during ERM surgery, especially when there is broad or complete ERM-macula adhesion on OCT. We report for the first time that the extent of ERM-inner retina adhesion represents a valid predictor of the simultaneous ILM peel during removal of ERM. Thorough evaluation of preoperative OCT may be a useful tool in determining a safer, more simplistic plan in ERM surgery. If ILM peeling is the preferred strategy following ERM removal, this may be limited to patients showing focal (o50%) ERM-macula adhesion on preoperative SD-OCT avoiding unnecessary trauma to the retina.
Summary
What was known before K Simultaneous inadvertent ILM peeling is a frequent occurrence in epiretinal membrane surgery.
What this study adds K Simultaneous ILM peeling is frequent when there is a complete or broad ERM adhesion on preoperative SD-OCT. The extent of simultaneous peeling is significantly dependent on the type of ERM adhesion to the inner retina. The extent of ERM-inner retina adhesion represents a valid predictor of simultaneous ILM peeling.
